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(54) Method and base station for allocating pseudo noise code 



(57) To prevent degradation of transmission quality 
due to interference between scramble codes, under 
such a situation as soft hand over, when the number of 
mobile stations connected with a base station exceeds 
the number of the orthogonal codes. The base station 
decides the priority of the scramble code. The scramble 



code is allocated to the mobile station, in accordance 
with the priority. When a mobile station ends its call, or 
stops temporarily its call, its PN code is re-allocated to 
the mobile station with lowest priority code. 
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Description 

[0001] The present invention relates to a method 
and base station for allocating pseudo noise (PN) codes 
on a downward transmission channel which carries 
spread spectrum signals for code division multiple 
access (CDMA) from a base station to a plurality of 
mobile stations. 

[0002] The spread spectrum signals modulated by 
the PN codes properly allocated to the mobile stations 
are multiplexed and transmitted from the base station to 
the mobile stations. Therefore, the transmission signals 
are easily synchronized, because the transmission sig- 
nals are transmitted simultaneously onto the downward 
direction. Further, the interference between the trans- 
mission signals can be suppressed by using the orthog- 
onal code. 

[0003] However, it difficult to synchronize the sig- 
nals from one base station with the signals from the 
other base station. Therefore, the scramble code such 
as Gold code or a part thereof are used in addition to 
the orthogonal code. 

[0004] A conventional transmitter of the base sta- 
tion is shown in Figure 17. In spread adder unit SPU as 
shown in Figure 17, transmission signal to mobile sta- 
tion Si ("i" = 1 to n) is multiplied by orthogonal code Co,i 
in multiplier 001 . Then, the outputs from multipliers 001 
are added in adder 002. Further, the output from adder 

002 is multiplied by scramble code Cs in multiplier 001 
in order to obtain combined signal. 

[0005] Combined signal is modulated in modulator 

003 and transmitted from antenna 004 to the mobile sta- 
tions. When all the base stations employ the transmitter 
as shown in Figure 1 7, the interference between the sig- 
nals from the base stations are randomized, or in other 
words, suppressed. 

[0006] It must be avoided that numerous codes are 
used unnecessarily, because the number of the orthog- 
onal codes are limited. However, there are several 
cases of the unnecessary consumption of code in 
CDMA system. 

[0007] The code consumption is increased, when a 
plurality of the base stations transmit the identical sig- 
nals towards one mobile station in the soft hand-over 
(SHO). 

[0008] The code consumption is also increased, 
when the base station intends to control many mobile 
stations by cutting off the communication with a mobile 
station whose signal goes through silent period. 
[0009] Further, the code consumption is increased, 
when inter-cellular interference is weakened due to 
many obstacles. 

[0010] Therefore, when the number of the mobile 
stations is greater than the number of the orthogonal 
codes in a base station, the base station has to use a 
plurality of the scramble codes. 

[0011] A conventional transmitter of the base sta- 
tion which employs "k" scramble codes is shown in Fig- 



ure 18. Spread adder unit SPU-i (i = 1 to k) outputs 
combined spread signal Sd-j on the basis of transmis- 
sion signal Si,nj, orthogonal code Co, nj, and scramble 
code Cs,i. Here, signal Si,nj is a signal which is trans- 
5 mitted by a M nj"-th mobile station with scramble code "j". ■ 
Further, number "nj" is the number of the orthogonal 
codes generated by j-th scramble code Cs,j. Transmis- 
sion signal Si.nj may contain control signal which is 
commonly used. Combined spread signals Sd-i (for i = 
w 1 to k) are added in adder 002. The output from adder 
002 are modulated by modulator 003. Antenna 004 
transmits the output of modulator 003 towards the 
mobile stations. 

[0012] Spread adder unit SPU-j outputs combined 

75 spread spectrum signal Sd-j on the basis of transmis- 
sion signal Sj,h. Here, M h" is an ordinal number of 
orthogonal code Co,h, and Cs,j is a scramble code. 
Combined spread spectrum signal Sd-1, Sd-2, ... f and 
Sd-k are added in adder 002. The output from adder 

20 002 are fed into modulator 003 to be transmitted from 
antenna 004 towards the mobile stations. 
[0013] An example of a relation of signal to interfer- 
ence noise ratio (SINR) vs. combined code is shown in 
Figure 19. The combined code is expressed, for exam- 

25 pie, as (2, n2), where "2" is an ordinal number of scram- 
ble code and w n2 w is an ordinal number of orthogonal 
code. The SINR as shown in Figure 19 is low for every 
combined code, when all the combined codes are used 
randomly or with equal frequency in use. 

30 [0014] When a plurality of the scramble codes are 
used simultaneously, the mobile station suffers interfer- 
ence due to signals with other scramble codes for other 
stations. Thus, quality of communication channel is 
degraded, because the interference between different 

35 scramble codes is greater than that between the identi- 
cal scramble codes. 

[0015] An object of the present invention is to pro- 
vide a code allocation method which suppresses the 
interference between the spread spectrum signals and 

40 decreases the number of codes. 

[0016] In the code allocation method of the present 
invention, the scramble codes and the orthogonal codes 
are arranged in the order of priority, and the codes for 
the mobile stations are allocated in that priority order. 

45 The code used by a mobile station which ends or stops 
temporarily its call is re-allocated to other mobile station 
which uses the lowest priority code. 
[0017] Further, in the present invention, higher pri- 
ority codes are allocated for the communication under 

50 higher service quality or higher signal quality. The 
higher priority codes may be allocated in the order of the 
lower quality. 

[0018] According to the present invention, the inter- 
ference is suppressed, because the number of the 
55 scramble codes is minimized. Further, the mobile sta- 
tion which is given the higher priority codes receives 
smaller interference from the mobile stations which use 
the lower priority codes. 
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[0019] Further, according to the present invention, 
the code consumption is suppressed, due to the re-allo- 
cation at the time of the end of call or the temporal stop 

of call. 

[0020] Furthermore, according to the present inven- 
tion, the communication quality becomes uniform and 
the code consumption or the number of codes is mini- 
m.zed. because the higher priority codes are allocated 
in the order of the higher or lower quality which is 
requested or received by the mobile station. 

Figure 1 is a block diagram of the base station 
which employs the method for allocating pseudo 
random (PN) codes of the present invention. 
Figure 2 is a flow chart of PN code allocation of the 
first embodiment of the present invention. 
Figure 3 is a flow chart of PN code allocation of the 
second embodiment of the present invention. 
Figure 4 is an example of priority matrix defined by 
orthogonal code and scramble code in the second 
embodiment 

Figure 5 is a flow chart of PN code allocation of the 
turd embodiment of the present invention. 
Figure 6 is a graph of the rate of using the orthogo- 
ra cooe vs. the scramble code in the third embodi- 

*9^re 7i8a graph of the SINR (signal to interfer- 
ence notse ratio) vs. the combined code in the third 
e~rodroent. 

1 ig^re BA is other example of code allocation in the 
second embodiment. 

f g^re 8B is an example of the priority matrix based 
zr other example as shown in Figure 8A. 
►g^re 9A is another example of code allocation in 
r>? second embodiment. 

► tg^re 9B is an example of the priority matrix based 
c ne another example as shown in Figure 9A. 
f^re 10A is still another example of code alloca- 
t o'* in the second embodiment, 
►•y^re 1 0B is an example of the priority matrix 
ta&ed on the still another example as shown in Fig- 
10A. 

r tgLre 11 is a flow chart of PN code allocation of 
rv: *ourth embodiment of the present invention. 
r 9-re 12 is is an example of the priority matrix in 

*ourth embodiment. 
f *3wre 13 is a graph of the quantity of service 
requests vs the combined code in the fourth 
^nrodtment. 

Frg L re 14 is a flow chart of PN code allocation of 
:*>e *rfth embodiment of the present invention. 
Figure 15 is an example of the priority matrix in the 
ttftn embodiment. 

Ftqure 16 is a graph of transmission quality vs. 
corrbined code in the fifth embodiment. 
Figure 1 7 is a conventional base station using a sin- 
gle scramble code. 

figure 18 is a conventional base station using a 



plurality of scramble codes. 

Figure 19 is SINR of transmission signals received 
by mobile stations connected with the conventional 
base station. 

5 

First Embodiment 

[0021 ] In the first embodiment of the present inven- 
tion, a first set including a plurality of first codes and a 
io second set including one or more second codes. Here, 
the first codes are the orthogonal codes, while the sec- 
ond codes are the scramble codes such as Gold codes 
or a part thereof. 

[0022] Further, combined codes are generated by 
15 multiplying the first codes by one of the second codes. 
Then, the combined codes are allocated to the mobile 
stations, or in other words, the combined codes are allo- 
cated to the spread spectrum signal to the mobile sta- 
tions. 

20 [0023] When the number of the combined codes 
are insufficient, new combined codes are generated by 
selecting other second code. 

[0024] In the following, the first embodiment is 

explained, referring to Figures 1 and 2. 
25 [0025] The transmitter of the base station which 

uses "k" scramble codes as shown in Figure 1 is the 

same as that as shown in Figure 1 8. 

[0026] The transmitter of the first embodiment of 

the present invention comprises spread adder unit 
30 SPU-i, adder 002, modulator 003, and antenna 004. 

[0027] Spread adder unit SPU-i outputs combined 

spread signal Sd-j on the basis of transmission signal 

Si,nj, orthogonal code Co, nj, and scramble code Cs.i. 

Here, signal Si,nj is a signal which is transmitted by a 
35 "nj"-th mobile station with scramble code "j". Further, 

"nj" is the number of the orthogonal codes generated by 

j-th scramble code Csj. Transmission signal Si,nj may 

contain control signal which is commonly used. 

[0028] Combined spread signals Sd-i (for i = 1 to k) 
40 are added in adder 002. 

[0029] The output from adder 002 are modulated by 

modulator 003. 

[0030] Antenna 004 transmits the output of modula- 
tor 003 towards the mobile stations. 

45 [0031 ] Next, the operation of the first embodiment is 
explained, referring to Figures 1 and 2. 
[0032] The combined codes are allocated to the 
mobile stations in due order of SPU1 , SPU2,...., SPUk. 
[0033] At first, signal S1 ,nj received by the base sta- 

50 tion is inputted into SPU-1. Then, S1,nj is allocated to 
orthogonal code Co,nj, in other words, a combined code 
which is generated by the multiplication of the first 
codes by one of the second code. When the combined 
codes become insufficient, the signal received by the 

55 base station is inputted into SPU-2. 

[0034] Similarly, when all the combined codes of 
SPU1 and SPU2 are used, the combined codes 
become insufficient. In this case, the received signal is 
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inputted into SPU-3. These procedures are repeated up 

to SPU-k. 

[0035] A flow chart for the code allocation is shown 
in Figure 2. 

[0036] At step 100, the base station inspects 
whether there is any call-out or request for resuming 
transmission. Step 100 is followed by step 101, when 
there is a call-out or request for resuming transmission. 
Step 100 is followed by step 108, when there is neither 
any all-out nor request for resuming transmission.. 
[0037] At step 1 01 , the number of the object mobile 
station is set up in variable ma. Further, "j" is set up to 
be 1 (unity) at step 102. Next, at step 103, the base sta- 
tion inspects whether or not all the combined codes of 
SPU-j are used. The inspection is executed, beginning 
from n=1 , in the order of n of Co, n. 
[0038] When all the combined codes of all SPU-j 
are used, it is inspected whether or not M j w is "k". When 
T is not "k", "j" is replaced by "(j+1)" at step 105, and 
then step 103 is executed again. On the contrary, when 
"j" is equal to "k", the allocation is ended at step 1 13. 
[0039] Then, when a combined code which is left 
unused is found at step 1 03, the unused combined code 
is allocated at step 106 to the mobile station of which 
ordinal number is "ma". At the same time, the combined 
code allocated to the mobile station at step 1 06 is trans- 
mitted at step 107 from the base station to the mobile 
station. Step 1 07 is followed by step 1 08. 
[0040] At step 108, the base station inspects 
whether there is any mobile station which has finished, 
or stopped temporarily the call. When the base station 
find out such a mobile station, the identity number of the 
mobile station is set up in variable u mt" at step 109. 
[0041] At step 1 1 0, variable "ml" is set up to be an 
identifier of such a mobile station which is connected 
with SPU-j with maximum "j" at present, and uses the 
orthogonal code Co, n with maximum "n". At step 111, 
the combined code allocated to mobile station "ml" is re- 
placed by the combined code allocated to mobile station 
"mt\ The new allocation information is transmitted at 
step 1 12 from the base station towards mobile stations 
"mt" and "ml". Step 100 executed again after step 1 12. 
[0042] The re-allocation may not be executed, 
when the ordinal number "j" of the scramble code of the 
mobile station which has ended or stopped temporarily - 
the call is equal to the maximum number at present. 
[0043] When there is not any mobile station which 
ends or temporarily stops the call at step 108, step 100 
follows step 1 08. 

[0044] The allocation method of the first embodi- t 
ment is applied not only to the base station, but also to 
the control station. 

Second Embodiment 

5 

[0045] Similarly to* the first embodiment, the PIN 
code allocation method of the second embodiment of 
the present invention utilizes a first set of a plurality of 



first codes and a second set of one or more second 
codes, where the first codes are orthogonal codes and 
the second codes are scramble codes such as Gold 
codes or a part of them. 

[0046] Then, combined codes are generated by 
multiplying the first codes by one or more second 
codes. 

[0047] Further, the combined codes of the second 
embodiment are provided with priority orders. The 
transmission signal from the base station to the mobile 
stations is modulated by that combined code, according 
to the spectrum spread method. 

[0048] The priority order of the combined codes 
may be the same order of priority of the second codes. 
[0049] Similarly, the priority order of the combined 
codes may be the same order of priority of the first 
codes. 

[0050] In the following, the allocation method of the 
second embodiment is explained, referring to Figures 1 
and 3. The block diagram of the transmitter of the sec- 
ond embodiment is the same as shown in Rgure 1. 
However, the operation of the second embodiment is 
different. 

[0051] A flow chart for the allocation executed by 
25 the base station is shown in Figure 3. 

[0052] At step 200, the base station determines 
whether there is any new call from the mobile station, or 
any request for resuming the transmission. Step 200 is 
followed by step 201, when there is a new call, or a 
30 request, while step 200 is followed by step 208, when 
there is neither call, nor request. 
[0053] At step 201 , an identifier is set up in variable 
"ma-. Further, at step 202, the priority of the combined 
signature or the combined code is set up. Furthermore, 
as at step 203, priority variable p is set up to be 1 (unity- 
highest priority). 

[0054] Step 205 is a step for determining whether or 
not the combined code or the third code with priority p is 
being used. When it is being used, priority p is replaced 
10 by (p+1 ) at step 204. Then, step 204 is followed by step 
205 again. 

[0055] When it is not being used, the combined 
code with priority p allocated to the mobile station with 
variable "ma" at step 206. The allocated combined code 

5 is notified to the mobile station ma at step 207. Then, 
step 207 is followed by step 208. 
[0056] At step 208, the base station determines 
whether any of the mobile station has ended the call or 
has stopped the call temporarily. When there is an end 

o of cal, or a temporal stop of call in a mobile station, the 
identifier of the mobile station is set up in variable "mt" 
at step 209. 

[0057] At step 210, an identifier is set up for a 
mobile station with variable "ml" which uses the lowest 
J priority code. At step 211, the combined code is 
exchanged between mobile station 'ml" and mobile sta- 
tion "mtV The reallocation is notified from the base sta- 
tion to mobile stations "ml" and M mt # at step 212. Then, 
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step 21 2 is followed by step 200. 

[0058] The reallocation may not be executed at step 
211, when the ordinal number "j" of the scramble code 
of the mobile station is equal to the maximum number. 
[0059] Step 208 is followed by step 200, when there 
in neither end of call nor temporal stop of call. 
[0060] An example of priority of the combined code 
is shown in Figure 4. 

[0061] The matrix elements are the priorities in a 
matrix defined by ordinal numbers of the orthogonal 
code and scramble code. The smaller the ordinal 
number of scramble code is, the higher the priority is. 
Further, the smaller the ordinal number of the orthogo- 
nal code is, the higher the priority in the same scramble 
code. 

[0062] The highest priority may be given to the 
commonly used control signal. 

[0063] The allocation method of the second embod- 
iment is applied not only to the base station, but also to 
the control station. 

[0064] Other example of priority of the combined 
code which decided at step 202 as shown in Figure 3 for 
the second embodiment is shown in Figures 8A and 8B. 
The number of the identical scramble codes which are 
used simultaneously, or in other words, the number of 
relevant mobile stations which use the identical scram- 
ble code, is exemplified at an arbitrary time in Figure 8A. 
Further, a priority matrix defined by the orthogonal code 
and scramble code is exemplified in Figure 8B. The 
scramble codes allocated to the commonly used control 
signal may be excluded, when the number of the identi- 
cal scramble code simultaneously used is counted. The 
greater the number as shown in Figure 8A of the scram- 
ble code simultaneously used is, the higher the priority 
of the scramble code is, as shown in Figure 8B. Further, 
the smaller the ordinal number of the orthogonal code 
is, the greater the priority of the orthogonal code is, for 
the same scramble code, as shown in Figure 8B. 
[0065] Thus, the code consumption is minimized, 
because only specified scramble codes are used 
always frequently as shown in Figures 8A and 8B. 
[0066] Another example of priority of the combined 
code which decided at step 202 as shown in Figure 3 for 
the second embodiment is shown in Figures 9A and 9B. 
The consumption of electric power simultaneously used 
is shown in Figure 9 A at an arbitrary time for each 
scramble code, while a priority matrix defined by the 
orthogonal code and scramble code is shown in Figure 
9B. The greater the power consumption as shown in 
Figure 9A is, the higher the priority of the scramble code 
is, as shown in Figure 9B. Further, the smaller the ordi- 
nal number of the orthogonal code is, the greater the 
priority of the orthogonal code is, for the same scramble 
code, as shown in Figure 9B. 

[0067] Thus, the code consumption is minimized, 
because only specified scramble codes are used 
always frequently as shown in Figures 9A and 9B. 
[0068] Still another example of priority of the com- 



bined code which decided at step 202 as shown in Fig- 
ure 3 for the second embodiment is shown in Figures 
1 0A and 1 0B. The average electric power consumed for 
transmitting the signal with the allocated scramble code 

5 is shown in Figure 10A at an arbitrary time for each 
scramble code, while a priority matrix defined by the 
orthogonal code and scramble code is shown in Figure 
10B. The scramble codes allocated to the commonly 
used control signal may be excluded, when the average 

io power consumptiOon is calculated, because the com- 
monly used control signal is transmitted under fixed 
electric power. The smaller the average power con- 
sumption as shown in Figure 10A is, the higher the pri- 
ority of the scramble code is, as shown in Figure 10B. 

rs Further, the smaller the ordinal number of the orthogo- 
nal code is, the greater the priority of the orthogonal 
code is, for the same scramble code, as shown in Figure 
9B. Furthermore, the priorities of the scramble codes 
which are not used at all are made lower than those 

20 which are being used. 

[0069] Thus, the code consumption is minimized, 
because only specified scramble codes are used 
always frequently, as shown in Figures 10A and 10B. 

25 Third Embodiment 

[0070] Similarly to the first and second second 
embodiment, the PN code allocation method of the third 
embodiment of the present invention utilizes a set 

30 including a plurality of first codes and a second set of 
one or more second codes, where the first codes are 
orthogonal codes and the second codes are scramble 
codes such as Gold codes or a part of them. 
[0071] In the third embodiment, "M" new sets are 

35 generated by combining the first codes with "M" second 
codes. The PN code allocation is executed by using (M- 
1 ) new sets. 

[0072] In the following, the allocation method of the 
third embodiment is explained, referring to Figures 1 

40 and 5. The block diagram of the transmitter of the third 
embodiment is the same as shown in Figure 1. How- 
ever, the operation of the third embodiment is different. 
[0073] A flow chart for the allocation executed by 
the base station is shown in Figure 5. 

45 [0074] At step 501 , the base station grasps the total 
number "N" of codes used by all the mobile stations 
connected with the base station. M N" may exceed the 
total number of mobile stations, because one mobile 
station may use a plurality of codes. 

so [0075] At step 502, the necessary number "M" of 
the second codes is calculated, Here, 

M = int (N/S) + 1 

55 , where int(x) = n for x = n+a (n:integer, 0< a <1), and 
S is the total number of the orthogonal codes. 
[0076] At step 503, "M" sets of scramble codes are 
generated, by muftipling the first codes by "M w second 
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codes. 

[0077] . At step 504, all the 1 -st set to the (M-1 )-th set 
of the generated scramble codes are allocated to the 
transmission signals. The M-th set of scramble codes 
may be used, if necessary. In the third embodiment of 5 
the present invention, any other scramble codes are not 
used at all, even if they are avalabfe. 
[0078] Therefore, the rate of using the orthogonal 
codes is "1" (unity) for the ordinal number of scramble 
code smaller or equal to (M-1 ), as shown in Figure 6. w 
[0079] The allocation method of the second embod- 
iment is applied not only to the base station, but also to 
the control station. 

[0080] The relation between SINR and the com- 
bined code is shown in Figure 7, under the rate of using is 
as shown in Figure 6. The combined code (2,8) as 
shown in Figure 7, for example, is a code generated by 
combining the scramble code 2 and the orthogonal 
code 8. The SINR for the combined code smaller than 
or equal to (M-1 ) is almost constant, while The SINR for 20 
the combined code greater than or equal to M becomes 
small 

(0061] The average SINR as shown in Figure 7 is 
greater than that as shown in Figure 19, because the 
interference between the scramble codes is minimized 25 
due to the minimized number of the scramble codes. 
[0062] The higher priority scramble codes are allo- 
cated to the mobile station in accordance with the prior- 
ity n the secod embodiment, as shown in Figure 7. 
Therefore, the interference due to the lower priority 30 
coJes aecneased. 

[0063] Further, the code consumption is sup- 
pressed, due to the re-allocation at the end of call or the 
temporal stop of call. 

35 

^QjrV^ Embodiment 

[0064] In the following, the allocation method of the 
fourth embodiment is explained, referring to Figures 1 , 
1 1 arid 12. The block diagram of the transmitter of the 40 
tourth embodiment is the same as shown in Figure 1 . 
However, the operation of the second embodiment is 
d**erent 

[0065] A flow chart for the allocation executed by 
tn* base station is shown in Figure 11. Further, an 45 
eiamoie of the priority matrix is shown in Figure 12. 
[0066] Firstly, the flow chart as shown in Figure 1 1 
is explained It is assumed that the priority is already 
g»ven m accordance with the second embodiment. At 
step 300. the base station determines whether there is so 
any change in a set of signals transmitted by itself. Step 
300 is followed by step 301, when there is a change, 
wt-iie step 300 is recovered, when there is not any 
change. 

[0067] At step 301, the base station grasps the 55 
quantity of the service requests from all the mobile sta- 
tions Then, at step 302, higher priorities are given to 
the transmission signals with higher or lower quantities 



of the service requests. Here, the service request may 
be a transmission speed, an error rate of transmission, 
or these functions. At step 303, the re-allocation of code 
is notified to the relevant mobile stations. Step 303 is fol- 
lowed by step 300 again. 

[0088] An example of the priority matrix is shown in 
Figure 12. The matrix elements are the priorities in a 
matrix defined by ordinal numbers of the orthogonal 
code and scramble code. The smaller the ordinal 
number of scramble code is, the higher the priority is. 
Further, the smaller the ordinal number of the orthogo- 
nal code is, the higher the priority in the same scramble 
code. 

[0089] The quantity of the service requests is 
shown in Figure 13. 

[0090] The lower the ordinal numbers of the scram- 
ble codes and orthogonal codes are, the greater the 
quantity of the service requests of the transmission sig- 
nals. Thus, the code consumption is minimized, 
because the scramble codes with lower ordinal num- 
bers are used more frequently, as shown in Figures 13. 
Furthermore, the quantities of the service requests are 
kept almost constant for the same scramble code. 
[0091] The allocation method of the second embod- 
iment is applied not only to the base station, but also to 
the control station. 

Fifth Embodiment 

[0092] In the following, the allocation method of the 
fifth embodiment is explained, referring to Figures 1, 14 
and 15. The block diagram of the transmitter of the fifth 
embodiment is the same as shown in Figure 1. How- 
ever, the operation of the second embodiment is differ- 
ent. 

[0093] A flow chart for the allocation executed by 
the base station is shown in Figure 14. Further, an 
example of the priority matrix is shown in Figure 15. 
[0094] Firstly, the flow chart as shown in Figure 14 
is explained. It is assumed that the priority is already 
given in accordance with the second embodiment. At 
step 400, the base station determines whether there is 
any change in a set of signals transmitted by itself. Step 
400 is followed by step 401 , when there is a change, 
while step 400 is recovered, when there is not any 
change. 

[0095] At step 401, the base station grasps the 
transmission quality. Then, at step 402, higher priorities 
are given to the transmission signals with higher or 
lower transmission qualities. Here, the transmission 
quality may be interference observed by the mobile sta- 
tion, electric power of commonly used control signal 
received by the mobile station, SINR at the mobile sta- 
tion. These transmission qualities are assumed to be 
transmitted from the mobile station through the control 
channel to the base station. 

[0096] For example, the SINR of a mobile station 
may be calculated by obtaining the received electric 
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power EP1 of the commonly used control signal trans- 
mitted from the base station which is connected with the 
mobile station, and by obtaining the received electric 
power EP2 of the commonly used control signal trans- 
mitted from the base station which is not connected with 
the mobile base station. The SINR is the ratio 
(EP1/EP2). 

[0097] At step 403, the re-allocation of code is noti- 
fied to the relevant mobile stations. Step 403 is followed 
by step 400 again. 

[0098] An example of the priority matrix is shown in 
Figure 14. The matrix elements are the priorities in a 
matrix defined by ordinal numbers of the orthogonal 
code and scramble code. The smaller the ordinal 
number of scramble code is, the higher its priority is. 
Further, the smaller the ordinal number of the orthogo- 
nal code is, the higher the priority of the orthogonal 
code in the same scramble code. 

[0099] The transmission quality is shown in Figure 
16. The lower the ordinal numbers of the scramble 
codes and orthogonal codes are, the greater the trans- 
mission quality of the transmission signal is. Thus, the 
code consumption is minimized, because the scramble 
codes with lower ordinal numbers are used more fre- 
quently, as shown in Figures 1 6. Furthermore, the trans- 
mission qualities are kept almost constant for the same 
scramble code. 

[0100] The allocation method of the second embod- 
iment is applied not only to the base station, but also to 
the control station. 

Claims 

1 . A code allocation method for allocating a first set of 
first codes and a second set of second codes to 
mobile stations, which comprises the steps of: 

generating a third set of combined codes by 
multiplying said first codes by one of said sec- 
ond codes; 

allocating each of said combined codes to each 
of said mobile stations; 

transmitting spread spectrum signals with said 
combined codes to said mobile stations; 
generating another set of combined codes by 
multiplying said first codes by the other code 
selected from said second codes, for meeting 
the shortage of said combined codes included 
in said third set. 

2. A code allocation method for allocating a first set of 
first codes and a second set of second codes to 
mobile stations, which comprises the steps of: 

generating a third set of combined codes by 
multiplying said first codes by one of said sec- 
ond codes; 

arranging said combined codes in a priority 



order; 

allocating each of said combined codes to each 
of said mobile stations; 

transmitting spread spectrum signals with said 
5 combined codes to said mobile stations; 

3. A code allocation method for allocating a first set of 
first codes and a second set of second codes to 
mobile stations, which comprises the steps of: 

10 

generating "M" sets of combined codes by mul- 
tiplying said first codes by "M" said second 
codes, wherein M is defined by (int (N/S) +1), 
where N is the total number of code used by all 
is the mobile stations connected with a base sta- 

tion and S is the total number of said orthogo- 
nal codes; 

allocating all the 1-st set to the (M-1)-th set of 
combined codes to the mobile stations; and 
20 transmitting spread spectrum signals with said 

combined codes to said mobile stations. 

4. The method according to Claim 1 , 2 or 3, 
wherein: 

25 

said second codes are arranged in a priority 
order; and 

said combined codes are arranged in said pri- 
ority order. 

30 

5. The method according to Claim 1 , 2 or 3, 
wherein: 

said first codes are arranged in a priority order; 
35 and 

said combined codes are arranged in said pri- 
ority order. 

6. The method according to any one of Claims 1 to 5, 
40 wherein said combined codes are arranged in such 

a priority order that said second codes give higher 
priority to said combined codes in order of the use- 
frequency of said second codes. 

45 7. The code allocation method according to Claim 6, 
wherein said frequency of use of said second codes 
is counted, excluding said second codes modulated 
into commonly used control signal. 

so 8. The method according to any one of Claims 1 to 5, 
wherein said combined codes are arranged in such 
a priority order that said second codes give higher 
priority to said combined codes in order of the 
greatness of summation of electric power of trans- 

55 mission signals with said second codes of the same 
value. 

9. The method according to any one of Claims 1 to 5, 
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wherein said combined codes are arranged in such 
a priority order that said second codes give higher 
priority to said combined codes in order of small- 
ness of average electric power of transmission sig- 
nals with same value of said second codes. 

10. The code allocation method according to Claim 9, 
wherein said average electric power is calculated, 
excluding commonly used control signal. 

11. The method according to any one of Claims 1 to 1 0, 
wherein one of said combined codes allocated to a 
mobile station which ends its call is allocated to the 
other mobile station with the other of said combined 
codes with the lowest priority. 

12. The method according to any one of Claims 1 to 1 0, 
wherein one of said combined codes allocated to a 
mobile station which stops temporarily its call is 
allocated to the other mobile station with the other 
of said combined codes with the lowest priority. 

13. The method according to any one of Claims 1 to 12, 
wherein said code allocation is not executed, when 
the second code included in one of said combined 
codes of a mobile station which ends or stops tem- 
porarily its call is equal to the second code of the 
other mobile station with other of said combined 
codes of which priority is the lowest. 

14. The method according to any one of Claims 1 to 1 3, 
wherein said base station notifies a relevant mobile 
station of said code allocation, when said code allo- 
cation is changed. 

1 5. The method according to any one of Claims 1 to 1 4, 
wherein said code allocation is based on quantity of 
service requests from said mobile stations con- 
nected with said base station. 

16. The code allocation method according to Claim 15, 
wherein said service requests include a transmis- 
sion error rate. 

17. The method according to Claim 15 or 16, wherein 
said service requests include a transmission 
speed. 

18. The method according to Claim 15, 16 or 17, 
wherein said service requests include functions of 
transmission error rate and/or transmission speed. 

1 9. The method according to any one of Claims 1 to 1 8, 
wherein said combined codes are allocated to said 
mobile stations on the basis of transmission quali- 
ties measured by said mobile stations. 

20. The code allocation method according to Claim 19, 



wherein said transmission qualities include electric 
power of interference noise. 

21. The method according to Claim 19 or 20, wherein 
5 said transmission qualities include electric power of 

commonly used control signal. 

22. The method according to Claim 19, 20 or 21, 
wherein said transmission qualities include signal 

w to interference noise ratio (SINR). 

23. The method according to Claim 19, 20, 21 or 22, 
wherein said SINR is a ration of an electric power of 
commonly used control signal from a connected 

15 base station and an electric power of commonly 
used control signal from non-connected base sta- 
tions. 

24. The method according to any one of Claims 15 to 
20 23, where in said code allocation is executed, when 

a set of transmission signals from said base station 
is changed. 

25. The code allocation method according to Claim 24, 
25 wherein said base station notifies a relevant mobile 

station of said code allocation, when said code allo- 
cation is executed. 

26. The method according to any one of Claims 1 to 25, 
30 wherein: 

said first codes are orthogonal codes; and 
said second codes are Gold codes or a part 
thereof. 

35 

27. The method according to any one of Claims 1 to 26, 
wherein said spread spectrum signal modulated by 
one of said combined codes include a commonly 
used control signal. 

40 

28. The code allocation method according to Claim 27, 
wherein said one of said combined codes which is 
allocated to said commonly used control signal has 
the highest priority. 

45 

29. A base station for allocating a first set of first codes 
and a second set of second codes to "k" mobile sta- 
tions, which comprises: 

50 M k" spread adder units for inputting said second 

codes and transmission signals accompanied 
by said second codes and for outputting spread 
spectrum signals; and 

an adder for adding said spread spectrum sig- 
55 nals from said "k" spread adders units, 

wherein: 

a third set of combined codes is generated by 
multiplying said first codes by one of said sec- 
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ond codes; 

each of said combined codes is allocated to 
each of said "k" mobile stations; 
said spread spectrum signals with said com- 
bined codes are transmitted from said adder to 
said w k" mobile stations; and 
another set of combined codes is generated by 
multiplying said first codes by the other code 
selected from said second codes, for meeting 
the shortage of said combined codes included 
in said third set. 

30. A base station for allocating a first set of first codes 
and a second set of second codes to "k" mobile sta- 
tions, which comprises: 

"k" spread adder units for inputting said second 
codes and transmission signals accompanied 
by said second codes and for outputting spread 
spectrum signals; and 

an adder for adding said spread spectrum sig- 
nals from said B k" spread adder units, 
wherein: 

a third set of combined codes is generated by 
multiplying said first codes by one of said sec- 
ond codes; 

said combined codes are arranged in a priority 
order; each of said combined codes is allo- 
cated to each of said mobile stations; and 
said spread spectrum signals with said com- 
bined codes are transmitted from said adder to 
said "k" mobile stations. 

31. A base station for allocating a first set of first codes 
and a second set of second codes to "k" mobile sta- 
tions, which comprises: 

"k" spread adder units for inputting said second 
codes and transmission signals accompanied 
by said second codes and for outputting spread 
spectrum signals; and 

an adder for adding said spread spectrum sig- 
nals from said "k" spread adder units, 
wherein: 

"M" sets of combined codes are generated by 
multiplying said first codes by U M" said second 
codes, wherein M is defined by (int (N/S) +1), 
where N is the total number of code used by alt 
the mobile stations connected with a base sta- 
tion and S is the total number of said orthogo- 
nal codes; 

all the 1-st set to the (M-1)-th set of combined 
codes are allocated to the mobile stations; and 
spread spectrum signals with said combined 
codes are transmitted to said mobile stations. 

32. The base station according to Claim 29, 30 or 31, 
wherein: said second codes are arranged in a prior- 



ity order; and said combined codes are arranged in 
said priority order. 

33. The base station according to Claim 29, 30 or 31, 
5 wherein: said first codes are arranged in a priority 

order; and said combined codes are arranged in 
said priority order. 

34. The base station according to Claim 31, 32 or 33, 
70 wherein said combined codes are arranged in such 

a priority order that said second codes give higher 
priority to said combined codes in order of the use- 
frequency of said second codes. 

15 35. The base station according to Claim 31, 32 or 33, 
wherein said combined codes are arranged in such 
a priority order that said second codes give higher 
priority to said combined codes in order of the 
greatness of summation of electric power of trans- 
20 mission signals with said second codes of the same 
value. 

36. The base station according to Claim 31, 32 or 33, 
wherein said combined codes are arranged in such 
25 a priority order that said second codes give higher 
priority to said combined codes in order of the 
smallness of average electric power of transmission 
signals with said second codes of the same value. 

30 37. The code allocation method according to Claim 31 , 
32 or 33, wherein one of said combined codes allo- 
cated to a mobile station which ends its call is allo- 
cated to other mobile station with other of said 
combined codes with the lowest priority. 

35 

38. The base station according to Claim 37, wherein 
said code allocation is not executed, when the sec- 
ond code included in one of said combined codes of 
a mobile station which ends or stops temporarily its 

40 call is equal to the secon code of the other mobile 
station with the other of said combined codes of 
which priority is the lowest. 

39. The base station according to any one of Claims 29 
45 to 38, wherein said base station notifies a relevant 

mobile station of said code allocation, when said 
code allocation is changed. 

40. The code allocation method according to any one of 
so Claims 29 to 39, wherein said combined codes are 

allocated to said mobile stations on the basis of 
transmission qualities measured by said mobile 
stations. 

55 
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